The low voltage operation of CMOS active pixel sensors(CAPSs) has been an important performance requirement due to the process scaling down and mobile device applications [1] . At the low voltage operation, a wide dynamic range performance of CAPSs is strongly required for the non-saturated output signal. To achieve the wide dynamic range performance, we previously reported the self-adaptive photogate active pixel structure [2], [3] which has a desirable variable integration capacitance with illumination intensity. In the self-adaptive APS, the reset operation is usually performed by the NMOS reset transistor, resulting in the loss of output voltage swing by a threshold voltage of the NMOS reset transistor. In this work, we propose a new reset level boosting technique by pulsing the photogate bias for the output voltage swing enhancement of the self-adaptive APS. The details of the reset level boosting technique and performance characteristics are discussed in the following sections.
Introduction
The low voltage operation of CMOS active pixel sensors(CAPSs) has been an important performance requirement due to the process scaling down and mobile device applications [1] . At the low voltage operation, a wide dynamic range performance of CAPSs is strongly required for the non-saturated output signal. To achieve the wide dynamic range performance, we previously reported the self-adaptive photogate active pixel structure [2] , [3] which has a desirable variable integration capacitance with illumination intensity. In the self-adaptive APS, the reset operation is usually performed by the NMOS reset transistor, resulting in the loss of output voltage swing by a threshold voltage of the NMOS reset transistor. In this work, we propose a new reset level boosting technique by pulsing the photogate bias for the output voltage swing enhancement of the self-adaptive APS. The details of the reset level boosting technique and performance characteristics are discussed in the following sections.
Device Structures and Operation Principles
The schematic layout structure and its conceptual equivalent circuit of the reset level boosted self-adaptive APS are illustrated in Figs. 1 and 2 , respectively. In Fig. 2 , C OV indicates a parasitic overlap capacitance between the photogate and the photodiode structure. Unlike the previously demonstrated self-adaptive APS which used a fixed photogate voltage, the proposed driving method uses a pulsed photogate voltage signal to increase the output voltage swing range. Fig. 3 shows the conceptual trace result obtained from the proposed operation. The pixel is driven by a reset pulse, and during the ON state of the reset gate, the photogate voltage is raised. Subsequently the reset level of the integration node voltage is boosted through the coupling effect [4] . The effect was about 300mV when a 1.8V bias voltage was used. As the integration node voltage is dropped below the transition level, which corresponds to V PG,HIGH -V th , the photogate capacitance component(C PG ) is added to the total integration node capacitance. Then, the overall well capacity is increased as it was explained in the previous works [2] , [3] . Hence the proposed driving method of the self-adaptive APS can exhibit an increased output voltage swing and a high dynamic range at a given supply voltage.
Measurement Results and Discussions
In the measurement, we compared two types of CAPS, one is the conventional photodiode APS and the other is proposed reset level boosted self-adaptive APS. The experimental setup is as follows; the supply voltage was 1.8V and the pulsed photogate voltage was raised from 0.7V to 1.8V. Fig. 4 shows the measured output voltage waveform for the typical case of t int =10ms at illumination levels of 200, 1500 and 4000 lx, respectively. Fig. 5 shows the photoelectric conversion characteristics of the reset level boosted self-adaptive APS compared with the conventional photodiode APS. The saturation illumination intensity of the conventional photodiode APS is about 1000 lx. On the other hand, the saturation illumination intensity of the proposed method is about 4000 lx. The output voltage drop of the conventional photodiode APS before saturation is about 790mV, and that of the proposed scheme is 1090mV. From this result, the output voltage swing of the proposed method is enhanced by 300mV compared with that of the conventional photodiode APS. Finally, the reset level boosted self-adaptive APS also has the original advantages of the self-adaptive APS such as high sensitivity at the low illumination and wide dynamic range characteristics. The overall performance characteristics of the proposed reset level boosted self-adaptive APS are summarized in Table1.
Conclusions
By applying the pulsed bias at the photogate, the reset level of the self-adaptive APS is boosted hence the output voltage swing range is enhanced by 300mV. The results demonstrate that the reset level boosting self-adaptive APS is very promising for high performance image sensors in low voltage applications such as cell phones and digital still cameras. 
